This phylogenetic analysis, however, was conducted using all the available data, including ambiguously aligned regions. Trees were reconstructed using the neighbour-joining method, and the observed divergence values as measures of pairwise distances between sequences. This is not a good strategy, because it does not account for multiple substitutions at the same site. A phylogenetic analysis using maximum likelihood, and restricted to unambiguouslyaligned segments, reveals more than two regions in AMEL -most likely five -and probably 9-11 independent X-Y differentiation events in total (Figure 1) 
In many animal and plant species, sex determination involves an homologous but heteromorphic chromosome pair, the X and Y sex chromosomes. These chromosomes generally differ greatly in length and sequence content, except in the 'pseudoautosomal' region, where X-Y recombination still occurs in male meiosis. In a pioneering study, Lahn and Page [1] investigated the highly differentiated and nonrecombining part of the human sex chromosomes. They studied sequence divergence between 19 pairs of homologous genes with one X and one Y copy -'gametologous' pairs -and the genes' physical positions on the X and Y maps. They found four different groups of genes differing in divergence at synonymous sites (K s ) between gametologues. Interestingly, these groups form an orderly pattern on the X, with the least diverged group closest to the pseudoautosomal region. Synonymous sites evolve neutrally in mammals, so K s values can be converted into divergence times between X and Y copies. X-Y gene pairs are therefore stratified by age along the X, and the K s -defined groups were termed strata [1] .
From their observations, Lahn and Page [1] proposed that the evolution of mammalian sex chromosomes was punctuated by four recombinationsuppressing events, possibly a series of Y inversions [1] . Y inversions were postulated because: firstly, on the Y the strata appear to be scrambled; and secondly, the Y, but not the X, copy of a gene, XG, which overlaps the current human pseudoautosomal boundary, is truncated. Each such event would have suppressed X-Y recombination over a sequence region, creating a new pseudoautosomal boundary and initiating a process of X-Y differentiation distal to this pseudoautosomal boundary, leading to the evolution of a new stratum with less X-Y differentiation than the existing older strata. Lahn and Page's results [1] suggest that the earliest of these Y inversion events, which created stratum 1, was roughly contemporaneous with the birth of the mammalian sex chromosomes and the emergence of the SRY gene as the primary sex determinant, about 240-320 million years ago. Between the second and third events -which created strata 2 and 3, respectively -the pseudoautosomal region was expanded by translocation of autosomal material onto the X-Y pair. The fourth, most recent, event occurred during primate evolution, creating stratum 4, where X-Y differentiation is still in its earliest stages.
Iwase et al. This phylogenetic analysis, however, was conducted using all the available data, including ambiguously aligned regions. Trees were reconstructed using the neighbour-joining method, and the observed divergence values as measures of pairwise distances between sequences. This is not a good strategy, because it does not account for multiple substitutions at the same site. A phylogenetic analysis using maximum likelihood, and restricted to unambiguouslyaligned segments, reveals more than two regions in AMEL -most likely five -and probably 9-11 independent X-Y differentiation events in total (Figure 1) . Thus, the suppression of recombination may have been more gradual than would have been the case under the inversion hypothesis (but see below). Moreover, no sign of a Y inversion has been found near the putative strata 3/4 boundary. The Y copy of AMEL is non-truncated in the eight mammals analyzed [2] . Thus, the suppression of X-Y recombination may have proceeded by another, as yet unidentified mechanism.
The new data [2] may also provide some insights into another issue: the evolution of base composition in mammals. The mammalian genomes, and those of 'reptiles' and birds, are a mosaic of large (>100 kilobase) regions showing more or less homogeneous G+C content, the G+C content of various regions ranging from 35-60%. Such regions have been called 'isochores' by Bernardi, their discoverer. Several genomic features correlate with isochores: in high GC regions, gene density is higher, introns are shorter and transposable elements are fewer [4] . Interestingly, there is a correlation between isochore structure and recombination rate in mammals [5] .
A recent study [6] focusing on the Fxy gene has provided further evidence for such an association. The Fxy gene is X-specific in most rodents and in humans, and has recently been translocated to the pseudoautosomal region in some mice. In male meiosis, the pseudoautosomal region experiences an extremely high rate of recombination because the obligatory one crossing-over per meiosis for each pair of homologous chromosomes is restricted to this region for the X and Y pair. As predicted from the correlation just mentioned, the Fxy translocation was apparently followed by a dramatic increase in the G+C content at synonymous sites (and noncoding DNA), and also by the appearance of other characteristics of GC-rich isochores [6] .
In contrast to Fxy, the AMEL locus has moved, perhaps gradually, from the recombining pseudoautosomal region: the Y copy has moved to the non-recombining part of the Y, and the X copy has moved to a part of the X with a lower rate of recombination. We examined the GC-content in various regions of the X and Y copies of the AMEL locus. As shown in Figure 1 Finally, we suggested above that the reported correlation between GC 3 and K s in AMEL could be explained by a GC decrease following recombination suppression, but gene conversion suggests an alternative possibility. Biased gene conversion is probably the mechanism by which recombination leads to an increase in GC base pairs [7, 9] 
